Hepatic resections are commonly associated with high morbidity and mortality. Nutrition plays an important role in reducing postoperative complications besides improvement in intensive care and perioperative management. the aim of the study was to evaluate the role of glutamine as an immunonutrient in patients undergoing hepatic resection. Material and methods. The study included 22 patients who underwent hepatectomy. Patients were randomized into two equal groups wherein group A patients received perioperative glutamine whereas group B patients served as controls. Primary outcome measures were level of serum albumin, C-reactive protein (CRP), liver function tests and absolute neutrophil counts in the postoperative period while secondary outcome included post operative complications. Results. Glutamine decreased the CRP response in liver resection in a statistically significant manner (p=0.028) on the fifth post operative day. This may signify that glutamine decreases the post operative inflammatory response associated with liver resection. Glutamine did not have any significant effect on liver function tests. Postoperative morbidity was less in patients who received glutamine. Conclusion. Glutamine successfully blunted the CRP response in patients who received glutamine postoperatively. Decrease in morbidity following glutamine administration is an attractive area of prospective research and requires further consideration involving larger patient groups.
Hepatic resection has been regarded as one of the difficult and challenging surgeries. Liver resections have been increasingly performed over the past two decades worldwide for various indications (1) . Patients undergoing hepatic resection are associated with high morbidity and mortality (2) . This may be in part due to enhance catabolic response to surgery, increase proteolysis and decrease immunocompetence (3) . Intensive nutritional therapy can reduce the net catabolic response to surgery, improve protein synthesis and promote liver regeneration (4) .There is increasing evidence that optimized nutritional support in the perioperative period following major gastrointestinal surgery may decrease the number of adverse events. Perioperative nutrition has been transformed from a tool to provide calorie and nitrogen support to a therapeutic device aimed at boosting the immune system and enhancing resistance to complications (4) . Preoperative immunonutrition to control postoperative complications after hepatectomy is important (5) .
Immunonutrition refers to provision of specific nutrients for the immune system (6) . Immunomodulatory nutrients used in various studies include glutamine (Gln), arginine, omega-3 polyunsaturated fatty acids (PUFA) and dietary nucleotides. Glutamine is a vital amino acid that has been proved to improve immunity and protein metabolism as well as to protect liver function. It also has been demonstrated to be an essential amino acid which plays a central role in response to stress (7), supports acid-base homeostasis, maintains the function and morphology of the gastrointestinal epithelium, preserves the antioxidant stores in tissues (8, 9) enhance the immune response and augment host defenses (10) .
We tried to evaluate the immunomodulatory effect of perioperative oral glutamine supplementation in hepatic resection by measuring C-reactive protein (CRP) which is an acute phase reactant, along with serum albumin, liver function tests, absolute lymphocyte count (ALC) along with the incidence of postoperative complications and postoperative hospital stay.
MATERIAL AND METHODS
The study was conducted in the department of General Surgery, Post Graduate Institute of Medical Education and Research (PGIMER) Chandigarh, India, from July 2011 to December 2012. Randomization was done by sealed envelope method and patients were divided into group A and B. Patients in Group A received glutamine enriched enteral nutrition perioperatively and in group B patients were given enteral feed without glutamine.
Patients who underwent hepatic resection between the age group of 18 to 70 years under the care of two participating surgeons and who were willing to be a part of this study were included. Patients who were having ongoing infection, gastrointestinal obstruction, respiratory (cardiac) hepatic or renal dysfunction, immunological disease, history of recent immunosuppression were excluded from this study.
Preoperative evaluation included investigations such as complete haemogram, liver function tests, coagulation profile, serum electrolytes, serum urea, serum creatinine, chest x ray, electrocardiogram, pulmonary function tests, ultrasound abdomen, contrast-enhanced computed tomography (CECT) abdomen, MRI abdomen and MRCP.
Operative technique was similar in all patients as per protocol. The extent of liver resection was determined by preoperative radiologic investigations based on the tumor burden and major vascular involvement.
Oral glutamine was given for 3 days preoperatively and 4 days postoperatively at the dose of 30 g/day. All patients were assessed pre and postoperatively till their discharge from the hospital. Primary outcome measures were level of serum albumin, C-reactive protein (CRP), liver function tests and absolute lymphocyte count (ALC) in the postoperative period and secondary outcome included post operative complications such as superficial or deep wound infection, intra-abdominal collection, pulmonary / urinary tract infection. CRP, ALC and serum albumin was measured preoperatively and on post-operative day 5 (POD5). LFT was measured preoperatively, on post-operative day 1 (POD1) and on POD5.
Statistical analysis
The statistical analysis was carried out using Statistical Package for Social Sciences (SPSS Inc., Chicago, IL, USA version 15.0 for Windows). Discrete categorical data (gender, diagnosis, surgery) were presented as n (%). Normality of quantitative data was checked by measures of Kolmogorov Smirnov tests of normality. For normally distributed data t-test was applied for comparison between two groups. Mann-Whitney U-test was used for statistical analysis of skewed continuous variables. For time related variables of CRP levels Paired t-test was used. Wilcoxon signed rank test was applied for skewed data. For categorical data comparisons were made by Pearson chi-square test and Fisher's exact test as appropriate. All statistical tests were two-sided and performed at a significance level of α = 0.05.
RESULTS
A total of 22 patients were included, 11 in each group. Demographic profile was similar in both the groups (tab. 1). Various indications for hepatectomy and type of resections carried out have been depicted in tab. 2 and 3.
Although, rise of CRP in postoperative period was significant when compared to the preoperative levels in both groups (tab. 4a) but Glutamine decreased the CRP response in liver resection on POD 5 in a statistically significant manner (p=0.028) (tab. 4b). This may signify that glutamine decreases the post op- erative inflammatory response associated with liver resection. Glutamine did not have any effect on liver function tests (tab. 5). The nutritional parameters measured in this study were serum albumin and ALC. Preoperative serum albumin levels in group A and B were 4.1 and 4.0 respectively and postoperative levels were 3.4 and 3.5 respectively which signifies that glutamine did not have a significant (p value = 0.863) effect on the serum albumin. There was no significant difference in ALC also in both the groups (tab. 5).
In the current study, the CRP was more than 10 in all the patients. When the patients were divided into two groups based on the CRP levels with a cut off level of 50, patients with CRP greater than 50 had a mean ALC of 2735 and those with CRP lesser than 50 had a mean ALC of 2152 (p 0.053). Though the p value was < 0.05, this might signify that a high systemic inflammation is likely to be associated with a decreased absolute lymphocyte count (tab. 6).
Although, postoperative morbidity was less in patients who received glutamine but it did not reach statistical significance (p 0.586) (tab. 7). The absolute values of mean CRP in preoperative and postoperative period in those with or without morbidity were not significant (p= 0.67 and 0.57). ALC levels were high in the morbidity group (3071 cells/cu.mm 3 ) than in those without morbidity (2272 cells/cu.mm 3 ) (p value 0.074). Lymphocytosis was not there in any patient in the morbidity group. Mean hospital stay in the post-operative period in the control group and glutamine group was 12 and 10 which was not statistically significant. There was no mortality in the selected patient group. 14 V. Richard et al. 
DISCUSSION
There is increasing evidence that traumatic and surgical insult is associated with a period of relative immune suppression which may expose patients to subsequent risk of complications (3, 11) .
. The causes of postoperative complications following liver resection are multifactorial and it also depends on the extent of liver resection. Despite significant changes in elective surgical care with newer antimicrobial agents, postoperative infectious complications remain common, adding to length of hospital stay, healthcare costs and potential mortality (2) .
Immunonutrition during perioperative period by using nutritional formulas supplemented with specific nutrients such as arginine, glutamine, omega-3 fatty acids, nucleotides and others is probably one of the best examples of the application of nutritional therapy to modulate postoperative metabolic response (4, 6) . The main target of these new diets is not solely to provide energy and nitrogen, but also to modulate inflammatory response post injury and to counteract postoperative immune impairment which may increase patient susceptibility to infectious complications (12) . The idea is to alter cytokine production and immune function, thereby limiting the perioperative stimulation of inflammatory cascade and the immune system.
Patients undergoing major surgery like liver resection often exhibit depressed immune function and are at high risk of developing postoperative infections resulting in increased mortality, morbidity and resource utilization. We studied the immunomodulatory effect of oral glutamine in liver resection by measuring CRP, absolute lymphocyte count, liver function tests, albumin and the impact of glutamine enriched diet in postoperative complications and length of hospital stay. CRP is an acute phase reactant produced by hepatocytes and an increase in serum value of this acute phase protein indicates the existence of acute inflammation (13) . The synthesis of CRP is regulated by interleukin 1, interleukin 6 and tumour necrosis factor which are proinflammatory cytokines and function as growth factors in the neoplasm (14) .
While comparing CRP level in patients who underwent hepatectomy to those who underwent laparotomy only in unresectable tumour, De Jong et al. (15) proved a significant elevation of CRP in both groups in postoperative period, although elevation was more in laparotomy only group and was associated with poor overall and disease free survival. In other studies CRP level was correlated with tumor size, portal vein invasion, recurrence, and long-term survival; also blunted response was found to be associated with a poorer outcome because of the inability to generate acute phase proteins (16, 17). In this study although rise of CRP in postoperative period was significant in both groups but glutamine decreased the CRP response on POD 5 in a statistically significant manner (p=0.028). This may signify that use of glutamine as a immunonutrient decreases the postoperative inflammatory response associated with liver resection.
ALC is a clinical measure of immune function (18-21) and reflects both B and T lymphocytes. ALC is increased in infection and leukemia; and decreased following surgery and chronic disease states. Malnutrition is one of the factors which affects the ALC thereby compromising immunological status. Roxburgh et al has found that the systemic inflammatory response was associated with a reduced ALC as well as increased white blood cell and neutrophil counts in 287 patients of colorectal cancer (22). Therefore they concluded that the presence of systemic inflammation is among one of the factors which is related to immunological alterations. In this study ALC was high (p=0.074) in patients who developed complication after hepatectomy although there was no lymphocytosis.
This study also suggests that high systemic inflammatory response syndrome (SIRS) is likely to be associated with decreased ALC as also reported by Roxburgh et al. (22, 23, 24) .
A limitation of this study was the small study group which could have resulted in type 2 errors in the statistical analysis. Other immune modulatory factors like IL-6, TNF-α and nutritional status markers like prealbumin were not studied. The absolute lymphocyte count is not specific to nutritional status and is not favored for nutritional assessment in hospitalized patients. But still this study has given evidence of the beneficial effect of glutamine in better preservation of CRP level and LFT. This needs to be studied in a large number of patients and with additional immunoreactive nutritional parameters.
CONCLUSION
Glutamine successfully blunted the CRP response in patients who received glutamine postoperatively. Decrease in morbidity following glutamine administration is an attractive area of prospective research and requires further consideration involving larger patient groups along with consideration of additional immunoreactive-nutritional parameters.
